The potential impact of the surgical correction of strabismus on vision-related quality of life (VRQOL) and the symptoms of anxiety and depression in children with strabismus remain unclear. The present study included 60 children with strabismus: 30 with heterophoria and 30 with heterotropia. A healthy age-and gender-matched control group (n = 60) was also recruited. The psychological instruments that were used were the shortform 25-item National Eye Institute Visual Functioning Questionnaire (NEI-VFQ-25) and the Hospital Anxiety and Depression Scale (HADS). The results demonstrated that eight of the 12 NEI-VFQ-25 subscales were significantly impaired in children with strabismus compared with matched controls. Compared with pre-operative values, significant improvements were noted after surgery in the NEI-VFQ-25 summary score, and the anxiety and depression scores. This study demonstrated that the NEI-VFQ-25 instrument can be used in strabismus children and that surgical interventions can improve VRQOL, anxiety and depression in strabismus patients.
Introduction
Strabismus occurs in about 4% of children. 1, 2 It may compromise driving in adults, as well as reading or unaccompanied walking, make work difficult or impossible, curtail recreational activities requiring vision (such as watching television or gardening), and lead to functional blindness. 2 Surgical intervention is regarded as the first-line treatment for strabismus and the success rates for surgery are between 50% and 90%. 3 The Chinese version of the short-form of the National Eye Institute Visual Functioning Questionnaire (NEI-VFQ-25), a diseasespecific health-related quality of life (HRQOL) instrument that specifically measures visionrelated quality of life (VRQOL), 4 has become an important outcome criterion for surgical Y Chai, Y Shao, S Lin et al. VRQOL and emotional impact in children with strabismus interventions, but little research has been undertaken in patients with strabismus (heterophoria or heterotropia). Assessments of VRQOL, which are quantitative measures of a patient's perceived well-being, have demonstrated the adverse psychosocial impact of strabismus, 5 but little is known about the effects of strabismus on VRQOL after surgery and its correlation with anxiety and depression. The psychosocial benefits resulting from the surgical correction of strabismus have been demonstrated in adults; 6, 7 In children, the functional benefit afforded by early correction has provided the main rationale for surgical intervention. However, a negative perception of strabismic individuals has been reported to develop in children at an early age. 8 The present study used the Chinese version of the Hospital Anxiety and Depression Scale (HADS), 9, 10 which is a survey instrument that explores anxiety and depression status through parental proxy, in order to provide extensive characterization of the impact of the surgical correction of strabismus on children's VRQOL. This study was conducted to enable differential assessment of VRQOL using validated instruments in patients with heterophoria and heterotropia undergoing surgery. The hypothesis being tested was that disease-specific HRQOL is impaired in patients with heterophoria and heterotropia, but there were no differences in diseasespecific VRQOL between the two strabismus patient groups. Furthermore, the ability of the HADS in reflecting anxiety and depression in patients with strabismus was also assessed. Finally, the potential influence of visual function on the improvement of VRQOL after surgery was examined.
Patients and methods

PATIENTS AND STUDY DESIGN
This was a prospective interventional study, performed with Institutional Review Board approval from Jiangxi Hospital, the Eye Institute and Affiliated Eye Centre of Xiamen University, and Jiangxi Children's Hospital. All studies were carried out in accordance with the tenets of the Declaration of Helsinki for human subjects. Informed consent was obtained in writing from all patients and their parents, and all control subjects and their parents.
The patients enrolled in the study were consecutively referred for examination at three hospitals in southern China (Jiangxi Hospital and Jiangxi Children's Hospital, both located in Nanchang, Jiangxi Province, and the Eye Institute and Affiliated Eye Centre of Xiamen University located in Xiamen, Fujian Province) from February 2007 through August 2008. They were required to be < 15 years of age, to have either heterophoria or heterotropia and were scheduled to undergo strabismus surgery. Patients who had undergone strabismus surgery within the previous year or those who had an unstable family situation, in which consistent guardianship during the study was uncertain, were excluded. Clinical data were abstracted from the medical records, including diagnosis and pre-and post-operative ocular alignment. Quality of life data were obtained by telephone interview to a parent or guardian pre-operatively and again 2 months post-operatively. A healthy age-and gendermatched control group (exclusion criteria: visual impairment and chronic illness) was also included, recruited by the Department of Medical Psychology at each of the same three hospitals in southern China.
DIAGNOSTIC QUALITY OF LIFE INSTRUMENTS
Disease-specific VRQOL was measured by the NEI-VFQ-25, 4 which comprises 25 items that constitute 12 subscales. We ensured that Y Chai, Y Shao, S Lin et al. VRQOL and emotional impact in children with strabismus standard requirements were met in this Chinese population sample in terms of internal consistency, convergent and divergent validity, sensitivity and factorial structure. The NEI-VFQ-25 had not previously been applied in patients with strabismus, however its appropriateness for application in these patients was assumed if it could distinguish between patients and controls. Results of the NEI-VFQ-25 were subject to T-transformation, which is one of the scoring transformation formulae. The HADS self-assessment scale was used to provide data on the severity of anxiety and depression, as this is known to be a reliable instrument for detecting depression and anxiety status in a hospital outpatient clinic setting. Both quality of life instruments were applied to patients during their post-surgical outpatient visit and to the controls via the postal service at home.
STATISTICAL ANALYSIS
Analysis of sociodemographic and medical parameters between patient and control groups was performed by the χ 2 test or the two-tailed, paired Student's t-test. Analysis of the NEI-VFQ-25 parameters was performed by multivariate analysis of variance. Quality of life scores were calculated as the mean for each subscale, and pre-and post-operative scores were compared using the two-tailed, paired Student's t-test. A P-value < 0.05 was considered statistically significant. Guidelines for multiple testing were taken into account. To reduce the false negative rate, Holm adjustment was used. The SPSS ® (SPSS Inc., Chicago, IL, USA) statistical analyses computer package version 13.0 was used.
Results
A total of 65 patients were asked to participate; three parents of children disagreed due to lack of time or interest and in two patients the questionnaires were not analysed because of missing data. In total, therefore, 60 patients actually participated: 30 children (15 boys) with heterophoria with a mean ± SD age of 8.3 ± 2.8 years and 30 children (13 boys) with heterotropia with a mean ± SD age of 8.4 ± 2.6 years. Patients and controls (60 age-and gender-matched volunteers) did not differ statistically in any of the sociodemographic parameters (data not shown). The mean ± SD time from diagnosis to participation in the study was 64 ± 59 months in patients with heterophoria and 63 ± 57 months in patients with heterotropia. There were no significant differences between the two groups of strabismus patients as determined by Student's t-test.
The HADS indicated that symptoms of anxiety and depression were experienced by subjects in both patient groups (Table 1) . More patients with heterotropia had anxiety and depression than patients with heterophoria, although the differences were not statistically significant. Compared with their corresponding age-and gendermatched controls, however, there were significant differences in the anxiety and depression scores for both patient groups (P < 0.05).
Compared with control subjects, both patient groups showed significantly impaired disease-specific VRQOL in eight out of 12 NEI-VFQ-25 subscales, including 'general health', 'general vision', 'near vision', 'distance vision', 'social function', 'mental problems', dependency' and 'peripheral vision' (P < 0.05 or P < 0.01, Table  2 ). The remaining three subscales ('ophthalmological pain', 'social role' and 'colour vision') also showed impaired disease-specific VRQOL in patients compared with the control subjects, but the differences were not statistically significant (the subscale Y Chai, Y Shao, S Lin et al. VRQOL and emotional impact in children with strabismus 'driving' could not be examined since all the subjects were children). Regarding the subscale 'general health', patients with heterotropia were significantly more severely affected than patients with heterophoria (P = 0.003), and there was a tendency towards this for all other subscales (except 'driving', which was not measured).
The change in scores between the pre-and post-operative VRQOL and HADS are shown in Table 3 . Statistically significant improvements were seen for anxiety, depression and the NEI-VFQ-25 summary score in patients with heterotropia and with heterophoria following surgery (P < 0.05).
Discussion
The physical appearance of strabismus is readily recognized even by young children and it has been shown that a negative attitude towards it appears to emerge at approximately 6 years of age. 11 In one study, children > 6 years of age almost uniformly gave a negative description of strabismic dolls and hesitated to play with them. 12 The present study explored the impact of strabismus on visual performance and selfreported vision and VRQOL. To our knowledge, this is the first prospective study to include consecutively referred patients with heterophoria or heterotropia. The use of VRQOL as a clinical endpoint when evaluating medical interventions has been proposed and is increasingly being implemented in ophthalmological research. 13 -16 Studies on VRQOL in patients with strabismus, such as heterophoria or heterotropia are, however, very few. The present study was, therefore, undertaken to improve our knowledge of the diseasespecific VRQOL outcomes in patients with strabismus undergoing surgical correction. The HADS questionnaire indicated some anxiety and depression in strabismus patients but also revealed favourable results at a symptomatic level in both strabismus patient groups (heterophoria or heterotropia).
Disease-specific VRQOL was severely impaired in patients with strabismus, as shown by the statistically significant reductions in VRQOL observed in eight out of 12 NEI-VFQ-25 subscales, compared with control subjects. Considering the differences between the two patient groups, 'general health' was significantly more impaired in patients with heterotropia than in patients with heterophoria; similar tendencies were A score of 100 represents the best possible quality of life. HP, heterophoria; HT, heterotropia; C-HT, controls to patients with heterotropia; C-HP, controls to patients with heterophoria; Dx, diagnosis; P/C, patients versus control subjects; NS, not statistically significant (P > 0.05).
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also found for all the other subscales except 'driving' (not measured). It is clear from the present results that the NEI-VFQ-25 adequately reflects loss of disease-specific VRQOL in patients with strabismus. The NEI-VFQ-25 also indicated that patients with heterotropia seemed to experience a greater impaired disease-specific VRQOL than patients with heterophoria, which may be due to its more disabling characteristics, particularly in terms of vision.
We conclude that a diagnosis of strabismus is accompanied by a substantially impaired disease-specific VRQOL and that its treatment should, therefore, integrate VRQOL assessment as a measure of treatment outcome, and require the creation and implementation of specific psychosocial interventions. The NEI-VFQ-25 was identified as a suitable disease-specific tool, although its sensitivity to symptomatic changes awaits verification. Prospective studies with repeated data acquisition are required to examine the impact of surgery and psychosocial interventions on functional and VRQOL outcomes in patients with strabismus.
The HADS questionnaire, 10 which involves self-assessment, has been found to be a reliable instrument for determining depression and anxiety status in a hospital outpatient clinic setting. The anxiety and depressive subscales are also valid measures of the severity of emotional disorder. It has been suggested that the introduction of the HADS questionnaire into general hospital practice would facilitate the detection and management of emotional disorders in patients undergoing medical and surgical investigation and treatment. 17 Olitsky et al. 8 demonstrated that the treatment of strabismus should not be considered cosmetic, even when there is no hope of improving binocular vision, as it may positively alter the way that others perceive the individual and improve their ability to socialize normally. The present results give some credence to this concept in terms of it being harder for strabismic children to improve their emotional and psychiatric status, particularly in terms of the strong indication that patients with strabismus have the potential to develop symptoms of anxiety and depression. It has also been clearly demonstrated that socially noticeable strabismus is problematic for all age groups, including adults as well as school children and teenagers. 5, 18 In conclusion, the present study showed that children derive psychological benefits from strabismus surgery. Correction of strabismus may reverse the negative social Pre-op -post-op, the difference between the pre-and post-operative scores. A positive value represents an improvement. P-values were derived from a two-tailed, paired Student's t-test. NEI-VFQ-25, short-form 25-item National Eye Institute Visual Functioning Questionnaire.
